Numerous scientific papers and research projects address the global biodiversity decline (Butchart et 83 al. 2010 ). In response, political initiatives to reverse declines in biodiversity have increased in number 84 and in their global coverage, e.g. the Aichi Biodiversity targets (CBD 2010) and the establishment of 85 the Intergovernmental Platform on Biodiversity & Ecosystem Services (IPBES). The EU 2020 target of 86 biodiversity enhancement in European agricultural areas was adopted in the greening of the 87 European Common Agricultural Policy (CAP) for the period 2014-2020 (EU Regulation No 88 1307/2013). Positive effects of policies and adopted measures on biodiversity both at farm and 89 landscape scales are, however, equivocal (Kleijn et al. 2011; Lindenmayer et al. 2012) and it is 90 generally acknowledged that current monitoring of agri-environment schemes needs to be improved 91 (Pullin et al. 2009; Scheper et al. 2013 ). Biodiversity monitoring is required to inform on possible 92 positive or negative side-effects of management practices, external drivers (e.g. climate change), and 93 of other policy measures such as the European renewable Energy Directive (EC 2009/28). 94
Europe is far from void of biodiversity monitoring schemes, but many operate at a national scale due 95 to governance, language and institutional reasons (e.g. the UK Countryside Survey 96 [http://www.countrysidesurvey.org.uk] or the National Inventory of Landscapes in Sweden [NILS] 97 [Ståhl et al. 2011] ). Pan-European monitoring schemes do exist but are much more rare, such as the 98 European Land Use and Cover Area Frame Survey (LUCAS) which does not focus on biodiversity 99 (EUROSTAT 2009 ). There are also citizen-science monitoring networks that provide excellent pan-100
European biodiversity data which are increasingly used in policy reporting, such as the Pan-European 101 Common Bird Monitoring Scheme (http://www.ebcc.info/pecbm.html) and the European butterfly 102 monitoring (Brereton, Van Swaay & Van Strien 2009 ). Whereas standardization of the sampling and 103 data processing protocols within existing monitoring schemes can be well organized, the 104 interoperability of indicators and data hamper the type of assessments that can be performed with 105 data across monitoring schemes (Henry et al. 2008) , making biodiversity assessments across taxa, 106 countries and farming types currently precarious. To improve the interoperability of data and 107 indicators, standardization and the implementation of a shared sampling design are considered 108 crucial (Schmeller et al. 2015) . 109 110 Biodiversity monitoring is often regarded as costly making budget constraints a common reason to 111 avoid its implementation (Caughlan & Oakley 2001). However, Naidoo et al. (2006) showed that the 112 effectiveness of policies is positively correlated with the presence of monitoring efforts. If decision 113 makers are earnest in their concerns for biodiversity, biodiversity monitoring at multinational scale 114 should be an integral part of the monitoring and reporting criteria of a European policy instrument 115 like the CAP. The actual implementation of a shared farmland monitoring scheme would not only 116 strengthen informed decision making, but it would also demonstrate political willingness to act, 117 counteracting existing doubts on the current approach of the greening of the CAP (Péer et al. 2014) . 118
The need and willingness to invest in biodiversity information has been expressed at global and 119
European level (Council of the European Union 2010), but a specific level of monitoring expenditure 120 is not defined. Rieder (2011) argues that between 0.5 and 10% of a policy instrument budget should 121 be allocated to evaluation and monitoring, whereas recommendations of the European Commission 122 are at the lower end of this range (0.5%, EC 2004). Whilst cost estimates for the recording of some 123 individual biodiversity indicators exist at regional or national level (see e.g. Mandelik, Roll & Leischer 124 2010), this information is lacking at international scales. 125
126
The objective of this paper is to stimulate the development, the discussion and eventually the 127 implementation of a European farmland biodiversity monitoring system by proposing a sampling 128 design to detect changes in species richness in four taxonomic groups (vascular plants, earthworms, 129 spiders and bees). Measures of agro-environmental schemes are aimed and implemented on 130 individual farms. Therefore, the farm was considered to be the relevant scale for monitoring changes 131 in farmland biodiversity. As specific measures often target specific farm types, a distinction in major 132 farm types was used. 133
Combining information from a pan-European data set on the variability of species richness for four 134 taxa across major farm types and the spatial distribution of farm types in Europe, enabled an 135 estimation of the number of farms that would need to be sampled to detect changes in species 136 richness. The proposed sampling design for a European farmland biodiversity monitoring scheme is 137 complemented with estimates of the related costs presented in Targetti et al. (2014) , which were 138 then compared with the CAP budget (2014-2020) to estimate a possible budget allocation for the 139 monitoring scheme. To the best knowledge of the authors, this is the first attempt to provide cost 140 estimates for large-scale monitoring for European policy instruments, using statistical estimates of 141 the number of farms that should be sampled to reliably detect changes in biodiversity. 142
143

Materials and methods 144
Method outline 145
This study aimed to develop a monitoring scheme in which a 10% change in species richness in 5 146 years could be identified with a 10% probability error for farmland biodiversity per dominant farm 147 type per region in Europe. To achieve this, the study combined results from four different 148 components. First, we obtained an estimate for the number of farms that should be sampled per 149 region in Europe, by applying a power analysis on empirical data of species richness of four taxa for 150 6 environmental conditions and farm composition. Third, we applied the farm sample size estimates to 152 all regions of Europe with different indicator set options. Fourth, we computed the costs for these 153 monitoring scenarios and compared them to the CAP budget (2014) (2015) (2016) (2017) (2018) (2019) (2020) . 154
The four steps are explained in brief hereafter, a more detailed explanation of methods and 155 uncertainties can be found in Appendix S1 in Supporting Information. 156 157
Source of empirical data 158
In 12 European case studies (i.e. specific farm type in one region), 10-20 farms were sampled. These 159 case studies were part of the BioBio project ( Fig ). An example of the variation in species richness within a case study region is shown in Figure 3 . 183
Species accumulation curves for all case studies and all four taxa are presented in Appendix S1. 184 7
The costs and the number of hours spent preparing fieldwork, collecting data and processing field 187 samples (i.e. taxonomic sorting and identification) were recorded and used to compute the average 188 efforts required for sampling a standardized farm (Targetti et al. 2014 ). The costs of monitoring farms 189 throughout Europe were estimated using labour cost differences between European countries 190 . The estimation of the total budget required per sampled farm considered five 191 different components: data collection, supervision, data processing and reporting, data quality being the population covariance of the species richness per farm in sampling round 1 and 2, 228 p the matching proportion, and r 1,2 the correlation of the species richness per farm in sampling round 229 1 and 2. The population standard deviations in two sampling rounds S 1 and S 2 were assumed to be 230 equal. The matching proportion was assumed to be 80% and the correlation between the first and 231 the second sampling round, r 1,2 , was estimated to 0.9 for plants and 0.75 for the three invertebrate Finally, the following requirements on the quality of the statistical tests were defined: the probability 238 of wrongly identifying a 10% change in the total number of species should be smaller than 10% (type 239 I error); the probability of not identifying an actual change of 10% of the average species richness 240 should also be smaller than 10% (type II error). Given these requirements, the sample sizes can be 241 Percentages of the total number of farms of that farm type per region could only be derived for the 276 nine case study regions for which FADN data was available on the regional farm composition, namely 277 Austria, France, Germany, Hungary, Italy, the Netherlands, Spain (Dehesa), Spain (olives) and Wales. 278 Nine scenarios were developed to allow for comparison between different options for information 289 output based on three different indicator sets and on three levels of biodiversity data robustness 290 (Fig. 4) . The scenarios were applied to all identified regions in Europe. This implies the underlying 291 assumption that the sampled farms were on average representative for all of Europe and ignores 292 regional variability in species richness across Europe. This crude assumption was necessary because 293 no other data sets were available to allow for a more sophisticated extrapolation method. For more 294 reflection on the impact of this assumption see Appendix S1. For the High, Average and Low scenario options, respectively, the highest, the average and the 302 lowest sample size percentage of all four taxa per farm type were applied. Whereas the High 303 scenario option offers a first estimation for an effective monitoring scheme, the Low scenario reflects 304 a case in which minimal monitoring is organized at European level. It is assumed that countries will 305 then develop complementary monitoring at national or regional level. 306
The combination of options leads to nine cost scenarios for a European farmland biodiversity 307 monitoring scheme with different percentages of farms of a farm type that should be sampled per 308 region and with different information outputs. 309 310
Comparison of cost scenarios with the CAP budget 311
To compute cost estimates, the required farm sample sizes of the scenarios were multiplied by the 312 monitoring costs for a standardized farm for each country (Table S2 .2 in Appendix S2). The computed 313 costs were placed into the context of the budget allocated to environmental and biodiversity 314 objectives of the CAP for 2014-2020. 315
The total CAP budget for First and Second Pillar measures is 408 billion Euro for the period of 2014-316 makes up 30% of the total budget (the "greening" package of Pillar 1 and earmarked budget of Pillar 318 2 [Péer et al. 2014] ). The total "green" budget was estimated at 122·5 billion Euro for the whole 319 period with an indicative annual budget of 17·5 billion Euro. 320
321
Results
322
The estimated number of farms that should be sampled for the detection of a 10% change in species 323 richness per farm type over a five year period differed between case studies and between farm types 324 from 19 to 465 farms. In general, monitoring bees required the largest, and monitoring plants the 325 smallest number of farms to be sampled. On average the Permanent Crops farm type required the 326 largest farm sample sizes (Table 1) . 327
328
The required farm sample size in the High scenarios mostly followed the percentage of farms that 329 should be sampled for the bee and plant indicators respectively (Table 2) . Only in the case of the 330 High scenario for Specialist grazing livestock, the earthworms showed the highest variability, 331 requiring a higher number of farms to be sampled for a representative and reliable estimate. farms would need to be sampled, which corresponds to 6·3%, 1·3% and 0·2% respectively of the total 336 number of European farms. The difference between the full set with and without bees for High and 337
Low scenarios is 77k and 15k farms, respectively. 338
An implementation of the full indicator set for the High scenario, would require 0·74% of the CAP 339 budget and 2·48% of the "green" CAP budget (443 Mio € annually) (Table 3) . Not monitoring the bees 340 would reduce the costs considerably (a cost reduction of 79-126 Mio € per year), namely to 0·53% of 341 the CAP budget and to 1·75% of the "green" CAP budget. The reduced indicator set for the Low 342 scenario would require 0·01% of the total CAP budget and 0·04% of the "green" CAP budget ( The results provide an informed estimate of the required sampling design, sample size and costs for 351 farmland biodiversity monitoring for Europe. Depending on the scenario chosen, between 6·3% and 0·2% of the total number of European farms would need to be sampled, which would require 353 between 0·74% and 0·01% of the CAP budget (Table 3) . Of the three fauna indicators, the bees 354 demonstrated the highest data variability and therefore required the largest farm sample size. 355
Estimates are contingent on several assumptions and simplifications which do not necessarily cover 356 the expected complexity of reality. The proposed sampling design is not presented as the ideal 357 monitoring scheme, but rather as a starting point for discussions and further refinements. For this 358 purpose, the estimates are presented at the regional scale (Appendix S1), to provide input for the 359 development of or to complement existing monitoring schemes at national or regional scales. Monitoring is not only needed to determine progress towards an objective, but can also render 442 investments more effective, like in the case of controlling invasive species (Bogich, Liebhold & Shea 443 2008), the protection of nature areas (Balmford & Gaston 1999) or in avoiding costly (irreversible) 444 losses (Armsworth et al. 2012 ). The presented farmland biodiversity monitoring scheme provides a 445 starting point for further refinement and planning purposes at European, national or regional scale. 446
The full indicator set originated from an extensive stakeholder consultation process followed by an 447 information redundancy analysis. Therefore, decisions to include fewer indicators or lower sampling 448 densities should be done only after extensive additional analysis. 449
There is potential to use the proposed sampling design to integrate data from different monitoring 450 schemes, as well as that the outputs of the monitoring are likely to inform multiple policy objectives 451 rather than just the CAP. Regardless of the potential, the implementation of the proposed 452 monitoring scheme seems already economically feasible and sharing of its costs across policy 453 instruments politically attractive, especially for a land use sector that is supposed to provide 454 important ecosystem services for the future. 
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Additional supporting information may be found in the online version of this article. 481 Appendix S1. Method description, errors and uncertainties 482 Physical Geography, 31(3 Table 1 . Required sample size (number of farms to be sampled) per case study per species indicator to identify a 10% change in species richness in five years 648
Case study region Estimated number of farms to be sampled within the case study region and of the indicated farm type to allow for the detection of a 10% change in species richness in five years (confidence interval 95% included in brackets). curves are species rarefaction curves, dotted curves are extrapolation curves. As the taxa were 667 sampled using a stratified sampling approach, the number of samples (x-axis) is identical to the 668 number of habitat types found per farm. 669 670
